Studies of the genital tissues of primates at various stages of the menstrual cycle and under varying experimental conditions have emphasized the importance of periodic growth in these tissues and the dependence of this on hormonal factors. The present paper records the use of the mitosis-accentuating drug colchicine to study the proliferative changes in epithelial and non-epithelial tissues of the tubes, uteri, cervices, and vagine of spayed monkeys at varying stages during and following treatment with estrone. Colchicine is used merely as a device for emphasizing certain changes wrought by the hormone and, as such, is of only secondary concern in this paper. The morphological changes studied correspond to those observed in the anovulatory menstrual cycle or in the first half of ovulatory cyde (Corner, 8 Hisaw"6) .
Estrone is one of a group of chemically related substances containing the phenanthrene ring which have the common property of producing in animals certain responses in the sexual and reproductive apparatus, the estrous response in rodents being best known (Allen, 8 Fieser"3). Though estradiol, which is five times as active as is estrone, is now believed to be the true hormone of the ovary (Doisy9), estrone nevertheless is found in the mammalian body and its excretions, and has been demonstrated to have such ovarian replacement properties in maintaining the genital apparatus of the spayed animal (Allen and Doisy,4 Allen,' 2 Robertson et al. 23 ) that it may be considered a physiological substance, normal and necessary to the bodily economy of the female mammal.
Colchicine is used according to the technic described by Allen, Smith, and Gardner5 to accentuate the evidence of growth activity by accumulating mitoses. Such accumulations of mitoses not only afford dramatic evidence of hyperplasia, but also make available sufficient countable units to allow of quantitative comparisons between various tissues. The validity of using colchicine-arrested mitoses as indices of growth rates depends upon the proposition that the number of mitoses accumulated by this drug in a particular region is proportionate to the rate of mitosis normally obtaining in the given tissue. This proposition would obviously be true if the action of colchicine were to arrest in metaphase all mitotic divisions occurring during the period of exposure to the drug. Ludford19 came to believe that this was its action from his study of the aberrations of intracellular morphology observed in cells subjected to the influence of colchicine. He found that the drug caused a "failure of spindle to form and function in the normal manner," and concluded that "although some stimulation of mitotic activity in cells which normally divide rapidly cannot be absolutely exduded, the principal reason for the large number of mitotic figures seen after treatment with these poisons, is that cells can proceed so far with the division process, but cannot complete it." Brues' brought forward further evidence in support of this view when he found that the number of mitoses accumulated by colchicine in regenerating rat liver agreed with his theoretical curve for the rate of regeneration of these cells, "making it appear that there is no stimulation of mitosis." Such may be true for the dosage and other conditions obtaining in that experiment, but Lits"8 adduced cases in which the quantity of mitoses accumulated was too great to be accounted for by simple arrest, and which forced him to the conclusion that colchicine throws cells "with blastic potentialities" into mitosis. Dustin expressed a similar opinion. He said in a paper11 with Chodkowski that "L'injection de Colchicine provoque simultanement l'entree en division de toutes les cellules aptes a la cinese, mais qui, normalement, ne s'y seraient engagees que lentement et successivement. Des phenomenes qui n'apparaissaient pas a un examen histologique banal, devient evidents apres l'injection de Colchicine" and, in another paper (Dustin"0) "Les experimentateurs americains pensent que la colchicine se borne a arreter les mitoses a% la metaphase. Cette interpretation est erronee, comme nous l'avons affirme tout r&ecement encors."
Abandonment of the theory of simple arrest of mitosis in favor of one which will include stimulation of mitosis does not, however, involve disproof of the proposition concerning the proportionality of colchicine-accumulated mitoses to the growth rates of the tissues involved. Evidence pointing to the existence of such proportionality is found in studies of tissues previously known to be growing actively, such as the glands of the intestine, the hair follicles, the vaginal and mammary tissues of estrogen-stimulated mice (Allen, Smith, and Gardner5), and sarcomas and carcinomas (Oughterson, Tennant, and Hirschfeld2"). On the basis of this relation, it is felt that, as Dustin, Havas, and Lits"2 have said, "La reaction colchicinique pourra rendre de grands services dans l'etude des actions cinetogenes de certains hormones." Procedure Ten mature female Rhesus monkeys weighing from 3,860 to 5,530 grams were used. Daily observations of sex skin color and degree of swelling were made and, when the time of menstruation had been established, ovariectomies were performed at various stages of the cycle, i.e., on the 1st, 3rd, 6th, 8th, 9th, 10th, 14th, and 15th days following onset of menses. (Two animals were done at some undetermined date later than the 21st.) Both of the ovaries and the left tube were removed. Following operation the animals were watched for postoperative menses, and were allowed periods of from 12 to 19 days for castration atrophy to set in. All animals showed a definite decline in sex skin color during this period.
The administration of theelin by intramuscular injection in oil solution was then begun, approximately 625 i.u. being given to each animal twice a day, morning and evening. This resulted in marked increases in sex skin color, and the appearance of some swelling in the same region. After 10 days the injections were stopped and the sex skin redness and edema subsided. The animals were sacrificed one by one on various days during and following this estrogenic treatment, namely, on the 2nd, 4th, 7th, 9th, 10th, 11th, 12th, 14th, 15th, and 17th days following the initiation of theelin injections. From 9Y2 to 11 hours prior to death colchicine was injected; 0.5 mg. was given to each of the first 4 monkeys, and 1 mg. to each of the last 6. No toxic symptoms were noted in response to these doses. The animals were anesthetized with ether, and the genital tissues excised from the still living animals and placed immediately in Bouin's solution. The uterus was split longitudinally to allow quick fixation of the endometrium.
An outline of the weights, color records, treatment, and other data relative to the various monkeys is given in Table : The counts of mitoses are given in Table 2 , and histological measurements in Table 3 . The protocol of the first animal will be given in order to indicate the method followed in examining the tissues. The outstanding findings of the group as a whole will then be presented, emphasizing relationships to the treatment received. Monkey No. 95 received 2,500 i.u. of theelin over a period of 2 days and was then sacrificed 11 hours following intramuscular injection of 0.5 mg. of colchicine. During theelin injections the sex skin color, as estimated on a 0 to 4 basis, rose from 1 Y2 at the beginning of treatment to 3 at the time of death, a total gain of plus 1Y2. Autopsy revealed tubercles in lung, spleen, liver, and nodes, in spite of the fact that the animal had appeared to be in good condition and weighed 5,000 grams.
The endometrium measures from 1.4 to 1.0 mm. in thickness, and is of a uniform, moderately light-staining appearance. The surface epithelium is columnar in form and 13i. thick, except in spots where it is thinned out almost to a squamous character by underlying collections of fluids. Some of these blebs appear to have ruptured and liberated a small amount of the albuminous contents into the lumen. The glands are fairly straight and have narrow regular lumina with little evidence of secretion. No cilia are noted. There are numerous "rod" cells on the surface, giving this layer a "dried" or atrophic appearance. The nuclei are small and ovoid, occupy a mid-position on the surface, and a basal position in the glands. Surface epithelial mitoses are 22.7/mm2. The stroma shows slight differentiation into compact and spongiose layers. It is edematous. The nuclei are small and dark, and no mitoses are present. Coiled arteries are not present in the endometrium, but the beginnings of them are apparent at the myometrial junction. These basilar vessels have "halos" of pink collagenous material. A rare endothelial mitosis is present, and there are numerous scattered small round cells throughout.
The endocervix shows large branching glands whose lumina contain some mucus and polymorphonuclear leukocytes. The tall columnar epithelium measures 16 The right Fallopian tube has columnar epithelium 1 7,u high with a moderate number of ciliated cells and no "peg" cells. The nuclei are of both round and elongated types and occupy the mid-position. The epithelium shows a mitotic count of 37/mm2 (see Fig. 7 ). The muscularis is compact and shows no mitoses.
Outstanding observations on this animal are (a) thin atrophic surface lining of endometrium, (b) edema of stroma without mitotic Bictivity, (c) well-preseryed endocervix with only moderate mucous secretion, and polymorphonuclear infiltration, (d) absence of superficial zone of vagina, (e) thinness of basal layer and absence of "glycogen" vacuoles, (f) the large number of tubal epithelial mitoses, and (g) normal non-colchicine quality of the mitoses (Dustin and Chodkowski11).
In spite of the fact that all of the monkeys appeared healthy, 2 of them, Nos. 95 and 8, were found to be tuberculous at autopsy. The responses of the genital tissues to the estrogenic stimulation did not, however, show any changes which could be correlated with this condition. Similarly the data gave no evidence of variations ascribable definitely to the differences in weights of the animals.
The Fallopian tube of No. 95, after only 2 days of treatment with estrone, showed numerous epithelial mitoses (Fig. 7) , but the succeeding animals revealed great irregularity of growth-rate in this tissue. Only 2 other animals, Nos. 85 and 8, showed a marked proliferative response, and the greatest response was observed in the latter animal, killed 5 days after cessation of hormone injections. No explanation of this irregularity is apparent, but it may be that growth in this tissue occurs in waves of cell-division rather than as a uniform process.
In the non-epithelial tissues of the tube only one animal, No. 85, showed a marked proliferative response. In this case the muscularis was edematous and infiltrated with leukocytes, and the mitoses occurred mainly in the connective tissue cells. One such mitosis, in the subserosal layer, is shown in figure 8 . It corresponds to a type obtained by Dustin and Chodkowski11 in their study of cicatrization with the colchicine technic.
The endometrium after 2 days of treatment (No. 95) had an edematous stroma without mitotic activity. The epithelial surface was atrophic, and only a moderate number of mitoses was present. This was in marked contrast to the endometrium of the 10-day animal (No. 85) which was of a well-developed follicular phase type (O'Leary20) with large straight glands lined with tall columnar ciliated epithelium in active proliferation (Figs. 5 and 6 ). The 144 most marked epithelial mitotic activity was in the 4-day animal (No. 82). After the 4th day, in spite of continued treatment, the number of mitoses diminished. In the menstruating uterus of No. 67 growth was still in evidence, but the infrequency of cell divisions in Nos. 6 and 8 sacrificed 4 and 5 days respectively after cessation of estrogenic treatment indicated the wearing off of the hormone's proliferative action.
In several of the animals coiled arteries were found in the basilar portion of the endometrium and at the myometrial junction. These were frequently surrounded by a thick "insulation" of pink collagenous material. An occasional mitotic figure was found in the vessel walls.
Only one animal, No. 85, showed large numbers of mitoses in the stroma and myometrium. In this case some of the muscle cells themselves appeared to be dividing.
In all except the first and last of this series of animals the cervical glands were characterized by profuse secretion of mucus and by infiltration with hordes of leukocytes which appeared to be migrating into the lumen. The first animal, No. 95, having been under estrogenic stimulation for 2 days, evidenced only small amounts of secretion and a few leukocytes; the last, No. 67, 7 days after cessation of the injections of hormone, showed minimal secretion and no infiltration with leukocytes.
Scarcely any mitoses were found in the cervical epithelium. A small amount of squamous metaplasia of the glands (Overholser and Allen22) was seen in several animals (Fig. 4) .
The vaginal epithelium of the 2-day animal, No. 95, was quite atrophic and lacked any cornified layer. Glycogen vacuoles were not present, and there were only occasional mitoses (Figs. 1 and 3) . By the tenth day of treatment (No. 85) the epithelium showed welldeveloped cornified and "prickle cell" layers and marked glycogen vacuolization (Fig. 2) . Mitotic activity was well established by the 4th day (No. 82) and persisted to the end of the series. No. 8 showed an anomalously high mitotic index, and correlating with this was the unusually prominent appearance of rapidly proliferating "epithelial pegs" (Allen') pushing down into the corium.
Examination of sections from a portion of the small intestine of No. 82 revealed large numbers of mitotic figures in the epithelium of the crypts-444/mm.2-evidence of the action of colchicine on tissues that normally show considerable proliferation.
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None of the mitoses observed in these tissues were of the toxic colchicine variety in which the chromosomes are dumped together into a compact mass at the center of the cell. Many were seen in prophase and anaphase as well as metaphase, and the chromosomes could often be distinguished as delicate discrete structures (Figs. 3,  6 , and 8). Spindle fibers were frequently well outlined.
Correlations
The histological observations will now be summarized and correlated with the estrogenic treatment received by the animals.
The first 4 monkeys killed had 0.5 mg. of colchicine, and the remaining 6, 1 mg. The weights ranged from 3,860 g. to 5,530 g. Two of the animals, Nos. 95 and 8, were tuberculous. No other factors disturbing the uniformity of the series of animals are apparent.
The mitoses will be taken up first; then such other morphological elements in the histological data as appear to have exhibited significant change due to hormonal action will be considered.
In Table 2 Of the total 1,815 mitoses recorded, 1,534 or 84 per cent occur in epithelial structures, and only 281 or 16 per cent in the sustentacular tissues. This preponderance of more than 5 to 1 of epithelial mitotic activity fits in with the impression of previous observers (Allen"' 3) that the epithelium of the reproductive tract is the primary region of response to estrogenic hormone, and that the vascular and supportive structures probably react secondarily to the increased metabolic processes occurring in the primary tissues. The epithelium may be considered as the specific end-organ through which estrogen manifests itself. 7 .6, myometrium 6.8, vaginal lamina propria 1.6, corium of cervix 0.8, and epithelium of cervix 0.7. The whole epithelium of the female generative tract, except for the cervical mucosa, exhibited a hyperplasia in response to the estrogen. The endocervix appeared to react rather by increasing secretions than by growth. "Epidermization" occurred in but a minute amount of the total cervical gland of the monkey under the conditions of this experiment. Perhaps with prolonged estrogenic treatment, this metaplasia may constitute a typical response of these glands (Overholser and Allen22). Its relationship to carcinoid conditions of the cervix is not clear (Freedman"4). In the specimens examined, no unusual mitotic activity was evident in metaplastic areas.
Because of the variability of the individual, dependent on factors not yet well enough known to be controlled, results obtained from observations in a single animal cannot be trusted as being typical for the average. In this experiment various days of estrogenic treatment and of the ensuing hormone-withdrawal period were represented by but single animals, and so one would not expect to find a smooth curve of waxing and waning mitotic activity such as probably represents the average response when several animals are used for each date. The curves for the totals, as well as for the specific tissues, have marked irregularities. Most of these appear to be caused by anomalous responses of particular tissues in the individual animals represented.
In Chart 2, the top curve represents the total mitoses plotted against the time. Peaks A and B represent marked irregularities. By plotting separately 3 of the elements that go to make up this curve (surface epithelium, glands, and vaginal epithelium), it appears that peak B is largely "caused" by a vaginal hyperplasia in 147 monkey No. 8 out of all proportion to that in the vagine of any of the other monkeys. Such hyperplasia is probably due to some unusual factor specific to this case. For example, the portion sectioned may have come from near some inflammatory process which supplied the regenerative stimulus (Smith and Brunner24).
The chart shows, further, that peak A is not due to epithelial anomaly, and must therefore be traced to the mesodermal tissues. It is largely caused by excess of mitoses in the myometrium and tubal muscularis of No. 85. The latter mitoses have already been shown to be largely histiocytic and belong to an inflammatory process. The chart shows a fairly smooth curve for the glandular mitoses. There is an abrupt rise between the 2nd and 4th days of estrogenic treatment, a gradual fall as treatment is continued (representing, perhaps, exhaustion of tissue response), and finally, between the 2nd 148 and 4th day after cessation of injections, a steep dedine. This may be the typical curve of growth-response to estrogen administered at a constant dosage level over a short period of time.
The sharp declination of the curve for the uterine surface epithelium on the 7th day is probably due to some unrecognized local factor, in the uterus of No. 68, and is, in turn, largely the "cause" of the depression marked C in the curve for the totals.
The uterine epithelium with its glands shows a much more dramatic mitotic response than does the vagina; this is indicated in the chart.
There is no evidence of a change in karyokinesis between the first 4 animals and the last 6 to correspond with the doubling of the dosage of colchicine (raised from 0.5 mg. to 1 mg.). This fact is capable of several possible interpretations, namely, (1) both doses are too small to yield any colchicine effect, (2) the lower dose is itself large enough to afford maximal mitogenesis, (3) the increment in dosage is too slight to be significant, and (4) there is a change, but it is obscured by other superimposed factors. Reasons will be adduced for rejecting the first 2 of these explanations, thus leaving the latter 2 sharing the responsibility.
'Without control mitotic counts on equivalent material, it is not safe to say that the observed values are higher than could be obtained in the absence of colchicine. Allen' described estrogen-stimulated monkey uteri in which "it was not at all difficult to find as many as 3 to 6 mitotic figures in high power fields of uterine glands." The difficulty of the problem is increased by the absence of intracellular stigmata of colchicine intoxication. However, as Dustin, Havas, and Lits write:12 "A doses faibles la colchicine excite la division cellulaire, sans provoquer les alterations qui caracterisent la mitose 'colchicinique,' avec cytoplasme turgescent, chromosomes condenses, et absence de figure achromatique." In view of the large numbers of mitoses seen in some organs not subject to theelin activation (such as the small intestine of No. 82, which received 0.5 mg. colchicine and showed 444 mitoses/mm.2) as well as in certain of the more hyperplastic of the genital tissues, it will be assumed that the colchicine was at least partially effective in accumulating mitoses. Where quantitative demonstrations are lacking, impressions may be tentatively accepted.
The evidence against maximal mitogenesis with either dosage is strong: (1) In the absence of toxic nuclear changes, it is unlikely that full excitation and arrest of mitoses has occurred, (2) the cell counts for non-genital tissues are far below comparable ones made on guinea-pigs and mice receiving larger colchicine doses per kilogram of animal and displaying the toxic manifestations (Allen, Smith, and Gardner5).
Other morphological elements in the reproductive tract showing changes with hormonal stimulation will now be considered. Some of these are summarized in Table 3 . The endometrium increased in thickness from 1.5 mm. on the 2nd day of theelin to 3 mm. on the 10th. With the onset of menses on the 7th day after cessation of hormone injection, the uterus had returned to 1.3 mm. As with the mitotic indices there were irregularities in the curve, ascribable to reasons similar to those there expounded. The columnar epithelium of the endometrium likewise showed a curve, rising from 1 3, to 25,u and falling finally to 12, on the day of menstruation. The anomalous 9,u thickness found in No. 82 refers to epithelium abnormally thinned by being stretched over blisters such as were seen in several animals.
The epithelium of the cervix ranged from 25. during stimulation to 1 5. at the time of menses. This change in size seems correlated with the secretory activity of the cells. Estrogen appears to stimulate secretion of mucus and also the emigration of hordes of neutrophilic leukocytes through the endocervix, but the role of infection in the latter phenomenon has not been determined (Allen'' 3).
The vaginal epithelium shows a marked increase in thickness with estrogenic stimulation. The piling up of cells in the basal layer is especially marked, and in regions of rapid growth epithelial ((pegs" are seen pushing deep into the corium between papillk.
"Glycogen" vacuoles in the outer portions of the basal zone wax with theelin injection and wane with its passage. This observation is in harmony with results obtained in the monkey by Robertson, Maddux and Allen,23 and with Lewis' findings'7 in female children injected with estrogen. Smith and Brunner,24 however, did not observe in their study of human vaginal biopsies any simple cyclical pattern such as would be expected if estrogenic hormone were the only factor controlling glycogen deposition in this region.
Dierk's zone is seldom more than one cell thick, and appears to undergo very little change.
The thickness of the submucosa and lamina propria shows wide 150 variations. No hormonal influence over this erectile tissue was demonstrable.
Measurements of the epithelium of the Fallopian tube reveal some growth with theelin, but the total variation is slight. More pronounced is the "fertilizing" effect of the hormone on the growth of cilia. The first and last animals, Nos. 95 and 67, show very few, whereas the tubes of many others abound with them.
Studies of the cyclic variations in the human tube reveal that the cells are maximal in height (25,u) at the time of ovulation and much shorter (1O,.) at intervening periods (Corner7). This would indicate that estrogens play a major role in controlling these variations, and the present observations tend to confirm this.
The slender, highly-compressed, so-called intercalary or "peg" cells are numerous only in the tube of No. 85, which has previously been shown to be the site of an inflammatory reaction.
The corresponding narrow "rod" cells ("Stiftchenzellen") of the uterine epithelium are numerous in several specimens. They do not follow the hormone tide. It is felt that they tend to appear whenever the nutrition of the region is interfered with, as, locally, over hematomata, and more generally at menstruation. Summary
By using the colchicine technic of accumulating mitoses in growing tissues the part played by cellular division in the response of genital tissues to estrogenic stimulation has been studied. Ten castrate female monkeys were injected with theelin twice daily for 10 days and, following colchicine, were sacrificed at various times from the 2nd to the 17th day. Tube, uterus, cervix, and vagina were sectioned and studied histologically.
Examination and enumeration of the mitoses led to the following conclusions:
(1) The dosage of colchicine used was insufficient to produce a maximal response. Nevertheless, there were enough mitoses for purposes of counting.
(2) The epithelial tissues afford the primary and major karyokinetic response to theelin. The vascular and connective tissue adjustments are probably secondary.
(3) The arrangement of certain of the tissue elements of the female generative tract, according to their tendency to exhibit hyperplasia in response to estrogenic hormone, places the glands of the 151 uterus first, its surface epithelium second, with the vaginal epithelium a close third, tubal epithelium fourth, endometrial stroma fifth, tubal muscularis sixth, myometrium seventh, and vaginal propria, cervical corium, and epithelium standing close for the last three places.
The dependence of the mitotic response upon the previous estrogenic stimulation gives support to the view that the colchicine technic accords reliable indices of growth rates or "blastic potentialities" in tissues.
In addition to karyokinesis certain other well-known morphological changes activated by estrogen were observed, measured, and tabulated. These comprise (a) thickening of the endometrium and its epithelium, of the columnar epithelium of the cervix and tube, and of the major layers of the vaginal epithelium, (b) accumulation of glycogen in the vaginal mucosa, (c) maintenance of the tubal cilia, and (d) production of squamous metaplasia in the cervical glands. f ; ' b . ' : . l _ . '
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